ABSTRACT Objective: To determine the association of socioeconomic disadvantage with the prevalence of childhood disabling chronic conditions in high-income countries.
INTRODUCTION
Disabling chronic conditions in childhood are a major global public health issue in high-income as well as low-income countries. Estimates of these conditions in most highincome countries fall between 3.5% and 8.0% of children aged 0-18 years, with some countries reporting that prevalence is increasing. 1 Although children with these conditions can lead rich and fulfilling lives, many experience poor educational outcomes, 2 social adversity, 3 lower levels of social participation 4 and sometimes pain. 4 Reducing the prevalence of these conditions in childhood, and the impact on children and their families is, therefore, desirable. Disability is increasingly seen as a 'dynamic interaction between health conditions and contextual factors, both personal and environmental', 3 with social and genetic factors coming together in complex ways to increase a child's risk of developing a chronic disabling condition. 5 The first World Report on Disability 3 identifies poverty and socioeconomic disadvantage as possible cause and consequence of Strengths and limitations of this study ▪ The extensive literature reviewed used a rigorous methodology, and the consistent findings across different country settings suggest the conclusions are robust. ▪ The high degree of heterogeneity in the pooled estimates represents a threat to their validity; however, the majority of the estimates were robust to sensitivity analysis. ▪ This review, using both quantitative and qualitative data synthesis, is the first to draw together a large body of studies on the relationship of socioeconomic disadvantage with disabling chronic conditions in childhood in high income countries.
disability. This report, however, focuses on adults in developed countries and does not consider the evidence for this association in childhood. Low socioeconomic status (SES) is likely to be both a cause and consequence of disability in childhood, but if and where the low SES sits on the causal pathway remains unclear. Although many studies have examined the association between childhood disabling chronic conditions and SES, to date there has been no published systematic review of studies examining the association in high-income countries. As a result, there is no synthesised evidence on risk, or assessment of the quality of this research. The only available systematic review of literature on this association in low-income and middle-income countries indicated that the evidence was inconsistent and inconclusive, and that many studies had a high/medium risk of bias. 6 To address this important evidence gap, we undertook a systematic review and meta-analyses of studies in highincome countries to examine the association of SES with childhood disabling chronic conditions. In this paper, the term disabling chronic conditions refers to the range of conditions and impairments lasting at least 6 months that limit a child's normal daily activity. We examine the role of SES in all-cause disabling chronic conditions and in a range of condition groups. As the first systematic review in this area, it provides rigorous evidence on the association between disabling chronic conditions in childhood and SES that will contribute to understanding how to reduce the prevalence and impact of these diverse and complex conditions in childhood.
The main focus of this paper is a quantitative synthesis of the data with meta-analyses of studies that report either ORs or raw data from which these can be estimated. A brief narrative analysis of those studies that could not be entered into meta-analysis is included.
METHODS

Search strategy and selection criteria
We searched MEDLINE, PsycINFO, ASSIA, EMBASE, Web of Science and EconLit for studies reported between 1 January 1991 and 31 December 2013. For each database, a search strategy using a combination of free text and controlled vocabulary terms was developed (see example in box 1). We used search terms for the exposure of interest (socioeconomic disadvantage) and the outcomes of interest (childhood disabling chronic conditions). Searches of relevant national and international government and non-government organisations' internet sites were conducted, and reference lists of included studies were screened.
We contacted international experts to identify studies not captured in other searches. English language publications only were included. A total of 5480 titles and abstracts, and 799 full-text articles and reports were independently screened by two reviewers ( JMR and NJS). Of the full-text articles and reports, data were extracted onto standard forms for potentially relevant studies by one reviewer (NJS) and checked by a second reviewer (CMB; weighted k=0.91). Differences of opinion were resolved in discussion with the third reviewer ( JMR). Figure 1 shows the flow chart of study selection. (30) Studies were included if the design was cross-sectional, case-control, cohort, register-based or based on routinely collected data derived from a whole population and reported empirical, individual level data on the association of SES with disabling chronic conditions in childhood (box 2). Studies that were based on selected populations (eg, inner-city dwellers or minority ethnic groups only) and those not reporting results for children separately from adults were excluded as were those in which the duration or activity limitation of the condition was not specified. We excluded studies in which the disabling chronic condition was reported as a continuous variable.
Studies were assessed for quality by one reviewer (NJS) and checked by a second reviewer (CMB). Differences of opinion were settled by discussion. We extended the Newcastle-Ottawa Scales 7 to assess risk of bias for each of the five study types: cross-sectional, case-control, cohort, register-based and routinely collected data. Standard criteria for assessing risk of bias for each of the study types are shown in online supplementary appendix 1. Major confounding variables, referred to in online supplementary appendix 1, were child's age, child's sex, race/ethnicity and lone parenthood.
Types of disabling chronic conditions and SES measures
Children included in the studies had a range of disabling chronic conditions characterised by duration longer than 6 months and associated limitation of normal daily activity. Conditions were grouped as follows: all-cause disabling chronic conditions; psychological disorders; intellectual disability; sensory impairments; congenital abnormalities; specific conditions, such as asthma, cerebral palsy and epilepsy; and a miscellaneous group of conditions with insufficient numbers for entry into meta-analysis (table 1) . SES measures were grouped as follows: parental education level, income, occupational class, area-based SES measures, poverty, housing tenure, workless household, composite SES measures, miscellaneous measures (table 2) . Low SES was defined as the most disadvantaged group for which prevalence was reported in each study.
Data analysis Quantitative data synthesis
We extracted crude or adjusted ORs with 95% CIs by SES measures from studies in which these were reported. Where studies reported a disabling chronic condition by more than one SES measure, we included the measure associated with the highest OR in the initial meta-analysis and undertook sensitivity analysis using the SES measure with the lowest OR. For studies reporting raw data, crude ORs with 95% CIs were calculated for comparison of children with disabilities with children without disabilities. Where results were reported separately for boys and girls, ORs for all children were recalculated from raw data. For studies in which neither ORs nor raw data were reported, the investigators were contacted to request data. Pooled ORs with 95% CIs for the risk of low SES were calculated using a random-effects model using the function for summary meta-analysis in StatsDirect (V.2.7.8). Heterogeneity in pooled data was estimated using the I 2 statistic and risk of bias using the Egger 155 and Begg-Mazumdar tests. 156 Forest plots were generated showing ORs with 95% CIs for each study and the overall random-effects pooled estimate. For pooled estimates with a high I 2 statistic, sensitivity analyses, aimed at explaining some or all of the heterogeneity, were undertaken by re-running the meta-analyses comparing studies with specific characteristics which were identified a priori as the most likely to contribute to heterogeneity (eg, geographical area of study (the USA vs the rest), studies with high vs medium/low risk of bias; studies reporting crude ORs only versus adjusted ORs; different SES measures used in same study; different age ranges).
Narrative data analysis
Studies not reporting ORs with 95% CIs or raw data from which these could be calculated were not entered into the meta-analyses. We undertook narrative analysis of these studies. A simple count of studies with results consistent and inconsistent with the pooled estimates was made, and the latter were analysed in more detail.
Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, data interpretation or writing of the report. All authors had full access to all data in the study and had final responsibility for the decision to submit for publication.
RESULTS
Our search identified 160 studies with relevant data reported in 149 papers (see figure 1 and online supplementary appendix 2). Ninety studies were cross-sectional, 25 cohort, 21 based on routine data, 16 case-control and 8 based on disease registers (see online supplementary appendix 1). The types of disabling chronic condition reported are listed in table 1. Psychological disorders were the most frequently reported conditions (72 studies) followed by all-cause disabling chronic conditions (29 studies) and intellectual disability (25 studies). A combined total of more than 889 618 children with disabling chronic conditions were included in the studies, in which sample sizes varied between 50 and 41 928 607. All but one study 63 reported data on both sexes, although data on the association with SES were reported separately for boys and girls in some studies. Ages of the children included in the studies were mainly between 0 and 18 years; 11 included young people aged 19-21 years. Eighty-six studies were carried out in the WHO European region (the UK 55; Finland 8; Denmark 3; Norway 3; Sweden 1; two or more Nordic countries 5; Holland 3; Germany 3; Spain 3; Italy 1; Belgium 1), 63 in the WHO region of the Americas (the USA 53; Canada 10) and 11 in the WHO Western Pacific Region (Australia 9; New Zealand 2).
Risk of bias was low in 13 studies of which 6 were based on routinely collected data, 4 case-control, 1 cohort and 2 register-based studies. No cross-sectional studies had low risk of bias. The majority (58%) had a medium risk of bias and 53 studies had a high risk. Non-adjustment for major confounding variables was the most common source of bias affecting 75% of studies. Outcomes were parent-reported in most cross-sectional and cohort studies with only five cross-sectional and five cohort studies reporting independent blind assessment of the outcome. In the remaining three study types, 67% of cases were independently clinically identified. Insufficient information was given in five of the cross-sectional and cohort studies on the representativeness of the study sample and of the controls in four case-control studies. Denominator populations were clearly defined in all but one of the register-based and routine data-based studies (see online supplementary appendix 1). Bias indicators were non-significant for all groups of disabling chronic conditions except for psychological disorders for which the Egger test was significant ( p=0.0012) but not the Begg-Mazumdar test ( p=0.97). Sensitivity analyses showed no significant differences in pooled estimates based on specific characteristics of studies for all disabling chronic condition groups except asthma and psychological disorders (see online supplementary appendix 3). The pooled OR for asthma for studies reporting crude ORs only (3.00 (95% CI 2.89 to 3.11)) was significantly higher than that for those reporting adjusted ORs (1.75 (95% CI 1.35 to 2.36)). For psychological disorders, the pooled OR for studies including only children <12 years of age was significantly higher than that for studies including older children ( pooled ORs 2.48 (95% CI 2.07 to 2.97) and 1.77 (1.55 to 2.03), respectively). 26 based on data from the baseline study of 15 year-olds included in the prospective West of Scotland Twenty-07 study, report an association of limiting long-standing illness among boys with low parental social class (p<0.05), but not for girls. In a review article, West 29 reports data on 18 year-olds from the West of Scotland Twenty-07 study showing no significant differences in prevalence of all limiting long-standing illness among either males or females by social class, but a higher prevalence among low social class boys of severe limiting long-standing illness (defined as 'quite a lot' or 'very great deal' of restriction), but not among girls. These studies both carry a high risk of bias (see online supplementary appendix 1) and the reporting of parental social class by young people may not be reliable. West and Sweeting 30 reported little evidence of SES differences in limiting longstanding illness among boys and girls aged 11, 13 and 15 years in the West of Scotland 11-16 Cohort study. This study used a number of SES measures reported by parents; however, it has a high risk of bias.
Five of the studies not suitable for meta-analysis reporting on psychological disorders found no study based on developmental clinics run by family doctors in an area of south England. In addition to having a high risk of bias, low SES families may have been under-represented in the sample due to socially patterned differential uptake of developmental checks at 3 years. Boyle et al 84 reported no significant difference in prevalence of ADHD among children aged 3-17 years by poverty or low maternal education. This study, which has a medium risk of bias, was based on a large, aggregated sample from the US National Health Interview Surveys (NHIS) for the years 1997-2008. Blackwell and Tonthat, 33 and Bloom et al 35 reporting on samples from the NHIS for the years 1998 and 2001, respectively, also showed no association with poverty or parental education, although significant associations were noted for the years 1999 34 and 2006. 36 Khanam et al 88 and Boyle et al 84 reported no association of sensory impairments with low SES. As indicated above, the inclusion of many socially related variables in the regression model in Khanam's paper may have been overcontrolled for SES. By contrast, Boyle et al 84 did not control for potential confounders. Boyle et al 84 also reported no association of cerebral palsy with either poverty or maternal education. There were no studies unsuitable for meta-analysis of intellectual disability or congenital abnormalities that reported no association of the outcome with low SES. All studies of asthma had data suitable for meta-analysis.
Discussion
This is the first systematic review and meta-analyses of studies reporting on the relationship between childhood disabling chronic conditions and low SES in highincome countries. The results of the meta-analyses show that a range of childhood disabling chronic conditions are associated with low SES.
The review shows the association of the most common childhood disabling chronic conditions with low SES. Psychological disorders and intellectual disabilities are among the most common and intractable conditions, and impacts on children, their families and health, social and education services are substantial. The odds of these being reported among low SES households are around twice those for high SES households.
Asthma is one of the most prevalent chronic conditions in childhood in high-income countries. A recent systematic review and meta-analysis reported low SES associated with a higher prevalence of asthma in 63% of studies with a pooled estimate of 1.38 (95% CI 1.37 to 1.39). 157 We included only studies reporting on asthma severe enough to cause activity limitation and/or hospital admission, and found a strong association with SES. To date, the evidence on the association of cerebral palsy and epilepsy with low SES has also been unclear, and likely to be related to study methodologies. 124 128 Pooled estimates for both in this review, however, support a significant association.
Confirmation of the association of disabling chronic conditions with low SES using systematic review methodology and generation of pooled estimates of risk is important. Further research, however, is needed to explain this association in high-income countries. One possible explanation is that poor social and environmental conditions in pregnancy and early childhood are on the causal pathway to childhood disabling chronic conditions. Some included papers discuss the poor social conditions that might lead to conditions, such as activitylimiting asthma, 133 and the role of socially patterned problems in pregnancy in the aetiology of cerebral palsy 120 and congenital abnormalities. 145 149 Questions of causality, however, can only be addressed using cohort studies with low risk of bias. The majority of studies in this review were cross-sectional. Of the 21 cohort designs we identified, only 1 was assessed as having a low risk of bias. Low parental education is likely to precede the onset of a child's disabling condition and its association with a range of conditions (see online supplementary appendix) lends support to the explanation that SES is on the causal pathway. The reverse causation explanation is that caring for a child with a disabling chronic condition leads to low SES by limiting household income and increasing household costs. Anderson et al 158 show the impact on family finances and work of having a child with intellectual and/or developmental disability.
The review has several methodological issues and limitations which should be considered when interpreting the findings. Definitions of disability vary widely as do measures used to identify those with disabilities in populations. In line with the focus of the World Report on Disability 3 and International Classification of Functioning, Disability and Health, 159 we only included in this review studies reporting on conditions that were both long term and activity limiting. Therefore, studies which used broader definitions of disability were excluded, possibly limiting the scope of the review. The use of expanded MeSH terms for SES may have led to studies being missed; however, the SES measures identified (table 2) include a comprehensive range. There is no internationally agreed definition of 'low SES', as different measures are required for different purposes and are meaningful in particular national contexts. The included studies, therefore, use a variety of SES measures and this may be one of the factors contributing to the high level of heterogeneity in the pooled estimates. In sensitivity analyses, however, pooled estimates did not change significantly when different SES measures were used. Many included studies also had a high risk of bias and this is also likely to have contributed to heterogeneity. In particular, in some studies, the failure to adjust for potential confounding factors may have resulted in overestimation of the strength of the association. This was supported by the sensitivity analysis for severe asthma that showed a significantly higher pooled estimate for studies that did not adjust for confounders compared with those that did. There were no similar Figure 9 Risk estimates of low socioeconomic status in children with sensory disabilities. findings, however, for other conditions. As the sensitivity analyses explain little of the heterogeneity, it is likely that factors we have not been able to measure are responsible. In addition, different sources of information are used to identify a child as having a disabling chronic condition and this may also have contributed to the heterogeneity in the pooled estimates. This systematic review and meta-analyses make an important contribution to knowledge of the association of childhood disabling chronic conditions with socioeconomic disadvantage in high-income countries. Although caution should be exercised in interpreting the findings due to unexplained heterogeneity and the high risk of bias in many studies, the review indicates that these challenging conditions are more prevalent among children in disadvantaged households in a range of high-income countries. While explanations about the causes of this association are to be found in the literature, further high-quality research in cohort studies with adequate sample sizes is required to more fully address the aetiology of the associations identified by this review.
Our findings have implications for social, economic and health policy. The higher prevalence of these conditions among socioeconomically disadvantaged children in richer nations with very different policy environments represents a major challenge to governments seeking to reduce health inequalities and promote the rights of disabled children. Reducing the association between socioeconomic disadvantage and disabling chronic conditions in childhood is likely to require multidimensional strategies. These might include those proposed in the WHO report on social determinants of health that aim to reduce socioeconomic disadvantage in the early years, 160 as well as policies that ensure that households with children with disabling chronic conditions have adequate financial support and access to health, education and social care services to meet their needs.
